Abstract. Mutations in the mutL homolog 1 (MLH1) gene are frequent in patients with hereditary non-polyposis colorectal cancer (CRC). The MLH1 gene was screened for mutations in patients with sporadic CRC. The nucleotide sequences for all 19 exons of MLH1 were analyzed by high resolution melting and sequenced in a group of 104 sporadic CRC patients, and the results were verified in a replication group of 1,095 patients and 1,469 controls. Different melting profiles for exon 2 of the MLH1 gene were observed in the germline DNA of one patient. Sequencing of the patient's DNA resulted in the identification of a heterozygous C>G variant at c.204, which resulted in an Ile68Met change in the amino acid. A detailed search of the National Center for Biotechnology Information and the 1000 Genomes databases indicated that the detected variant was unique. According to the SIFT and PolyPhen-2 algorithms, the substitution of Ile to Met was predicted to decrease the activity of the MLH1 protein. The newly identified, functional germline variant was not present in any other CRC patient or control. Thus, a novel germline variant in the MLH1 gene was identified, representing a rare event in sporadic CRC. The occurrence and relevance of this mutation in other types of cancer requires additional investigation.
Introduction
MutL homolog 1 (MLH1), a constituent gene in the mismatch repair pathway, carries germline mutations in individuals with Lynch syndrome, also termed hereditary non-polyposis colorectal cancer (HNPCC). The gene is reported to acquire 300 different germline mutations, which in addition to mutations in other genes involved in mismatch repair pathway, mainly mutS homolog 2 (MSH2), predispose individuals to the disease (1). MLH1, a key protein of the mismatch repair process, contains interaction domains for MutS homologs, including MSH2, MSH3 and MSH6, postmeiotic segregation increased 2 (PMS2), MLH3 and PMS1 (2) . The heterodimers formed by MLH1 recruit proteins for the excision and repair synthesis.
The germline mutations in MLH1 in HNPCC include nucleotide substitutions, which result in missense, nonsense or splicing errors and also comprise insertions/deletions. A number of founder mutations, which account for a high proportion of mutations in families with HNPCC, which have been reported in patients with Lynch syndrome (3). In addition, certain non-pathogenic mutations in exons and introns of the gene have also been reported (4, 5) . The MLH1 gene is highly polymorphic, with >1,600 variants reported to date (http://genecards. org/cgi-bin/carddisp.pl?gene=MLH1&search=mlh1%23snp).
In this study, a novel germline mutation in MLH1 in a patient with sporadic colorectal cancer (CRC) is reported, which was detected during the whole genome mutational screening. In addition, a total of 1,095 sporadic CRC patients and 1,469 controls were tested for the detected mutation. Mutation screening in CRC patients. DNA from tumor tissues, healthy mucosa and blood tissues was extracted using QIAamp DNA Mini Kit and QIAcube (Qiagen, Hilden, Germany). The extracted DNA of the 104 newly diagnosed CRC patients were subjected to mutation detection by high-resolution melting (HRM) using LightCycler® and a 480 High Resolution Melting Master® kit (Roche Diagnostics GmbH, Mannheim, Germany). Polymerase chain reaction amplicons were designed b Ex-smokers are included into this group. Basic education, completion of eight years of education at primary and secondary school; medium education, completion of 12 years of education at higher secondary school; high education, completion of 17 years of education at university. In cases where categories do not equal 100%, this is due to missing data. CRC, colorectal cancer; CFCC, cancer-free colonoscopy inspected controls; HBDV, healthy blood donor volunteers; OR, odds ratio, CI, confidence interval; BMI, body mass index.
Materials and methods

Study
to scan the MLH1 gene using HRM analysis. All 19 exons in the MLH1 gene were screened. The region containing exon 2 was amplified using primers with the following sequence: Forward, 5'-AGTTTGTTATCATTGCTTGGCTCAT-3' and reverse, Genotyping of the replication group. DNA samples from the replication group were genotyped for the novel germ-line variant. The DNA samples from CRC patients and controls were analyzed at the K Bio Science facility (K Bio Science UK Ltd., Hoddesdon, UK) (protocol available at http://www. kbioscience.co.uk/reagents/KASP_manual.pdf) under conditions described previously (6) .
Results
In the initial group, 1/104 sporadic CRC patients exhibited a single nucleotide variant at codon 204 within exon 2 of MLH1 in tumor tissue and mucosa, as well as in blood lymphocytes DNA. A change of the base C to G resulted in Ile68Met change in the amino acid residue (Fig. 1) . The carrier of the newly identified variant was a 59 year old female with rectal cancer (T3N0M0 stage). Although the family history of the patient was unavailable, the patient had been treated for schizophrenia for 15 years. The tumor was microsatellite-stable, the CpG sites on the MLH1 promoter were not methylated and the expression of MLH1 protein was not altered in the tumor, when compared with the adjacent mucosa (data not shown). Genotyping of the replication revealed that there were no carriers of the newly identified variant Ile68Met in the CRC or control groups.
Discussion
In this study, a unique variant c. 204 C>G, p. Ile68Met in exon 2 of the MLH1 gene was identified in a patient with sporadic CRC. The mutation was germline and was also detectable in the DNA of tumor tissue, colon mucosal tissue and DNA of the peripheral lymphocytes of the patient. Predictive algorithms SIFT (9) and PolyPhen-2 (http://genetics.bwh.harvard.edu/ pph2/) indicated that the amino acid change from isoleucin to methionin may influence the functionality of the MLH1 protein. A 3D model of the MLH1 protein demonstrated that amino acid residue 68 isoleucin is located within the enzymatic core that interacts with ATP molecules (http://www. ncbi.nlm.nih.gov/Structure/mmdb/mmdbsrv.cgi?uid=90223). Therefore, a substitution by methionine may decrease MLH1 activity. Similarly, a variant in an HNPCC patient at the position c.203 T>A, p. Ile68Asn was previously shown to be deleterious (10). Furthermore, a homologous substitution in yeast was found to cause loss of function in a mismatch repair assay (11) .
The identification of a novel germline variant in MLH1 with putative impact on the protein function is of significant importance in CRC. MLH1 is the most frequently mutated gene in HNPCC and is also often altered in sporadic forms (12) . The novel variant in MLH1 gene presents a rare event in sporadic CRC, which was identified in 1/1,199 patients. The effect of the mutation, whether a causal germline variant or a rare polymorphism, remains to be determined. Due to the patient history, an association between the novel mutation and mental illness must not be excluded. Neurodegenerative diseases, such as Huntington's disease, are also known to exhibit alterations in mismatch repair genes (13) .
In conclusion, in the present study a novel MLH1 mutation was detected in a patient with sporadic CRC. The functionality of the novel c. 204 C>G, p.Ile68Met variant in exon 2 of MLH1 gene remains to be determined experimentally, along with its occurrence and relevance in other cancer types.
